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The inductive regeneration of complete organs is not thought to occur in adults of 
higher animals. The fact that this phenomenon can take place in the case of murine 
spleen and thymus is the subject of this report. Previous investigators had noted that 
autologous  mammalian spleen and thymus could regenerate after ectopic  transplan- 
tation (1-4). However, the cell origin of the lymphocytes present in these transplants 
could not be analyzed until inbred mice and suitable  techniques  became  available. 
Recent investigations with parental to F1 thymic grafts have given conflicting hints 
as to the origin of these cells. Studies which had been undertaken to study the role 
of the thymus in murine leukemogenesis indicated that when parental thymus of 
high leukemic  strain was grafted to F~ animals,  some of the leukemias which arose 
locally at the site of thymic implantation belonged to the histocompatibility type of 
the F~ animals (5, 6). Thus, a transformation from donor to host cell type in the grafted 
thymus might have occurred.  However, Dubert and Kaplan (7) presented evidence 
that parental to F~ thymic grafts remain of the parental donor type and, furthermore, 
that cells derived from these regenerated parental nodules were incapable of producing 
runt disease in newborn Fx hosts.  They concluded  that tolerance  had developed in 
the parental thymic grafts which had regenerated in F1 hosts. 
The  present  study  concerns  determination by cytotoxicity techniques,  of 
the cell type present in regenerated parental to F1 spleen and  thymic grafts. 
When homozygous parental mice are crossed, the resultant F1 mice accept tissue 
grafts from either parental mouse, and the histocompatibility type difference 
between parental graft cell and  F1 host  cells  allows for determination of the 
cell type present in the graft. Our data indicate that there is a  transformation 
of cell type so that  these parental  to  F1 grafts are actually  composed of F1 
host lymphocytes. Spleen cells derived from parental spleen grafts regenerating 
in Fa hosts were found to be incapable of producing runt disease in newborn F~ 
recipients. 
* Supported by United States Public Health Grant No. C-4788. 
:~ Research Associate,  Hematology Department. 
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Method 
The  animals used were isogenic mice obtained from Roscoe  B.  Jackson Memorial Lab- 
oratories, Bar Harbor, Maine. The parental mice were C57 BL/6J and A/J. The B~Fx mice 
were obtained by mating C~TBL female mice to A/J male mice. Animals used were 2 to 4 
months of age.  The recipient animals were anesthetized with nembutal supplemented with 
ether. All transplants were made between animals of the same sex; postoperatively, animals 
were caged in groups of 7 or 8. 
The spleen to be implanted was removed from the parental animal, and was cut into pieces 
about 3 x 3 mm in size, each weighing about 12 to 15 rag. These fragments were kept in Ringer's 
solution and used within 20 minutes. All recipient animals were splenectomized at the time of 
splenic grafting so as to favor regeneration of the transplanted spleen nodules. The donor spleen 
fragments were placed subcutaneously through a small skin incision, deep to the panniculus 
¢arnosus, in the anterior abdominal wall of the recipient animal: each recipient animal received 
two spleen grafts 20 mm apart. The skin incision was closed with 3-0 silk suture. 
Thymic grafts were performed in the same manner except that two parental thymic lobes 
were divided and each was implanted separately 20 mm apart in the recipient F1 animal. The 
recipient animals were not thymectomized. 
After regeneration had occurred (25 to 30 days) the nodules were used for cytotoxicity and 
histological studies; some of the spleen nodules were tested for their ability to produce runting 
in newborn B~F1 hosts. The grafts were oriented so that the plane of section would pass 
vertically through the nodule and  surrounding tissue.  The tissues were  then stained with 
hematoxylin and eosin. 
For cytotoxicity studies the regenerated parental spleen nodules or  thymic grafts were 
removed from the anterior abdominal body wall of F1 host animals. A pool of 8 to 10 grafts 
all of the same age were used. These were minced with a fine scissors in tissue culture medium 
199~ and washed twice in this medium. The cells were then tested by the cytotoxicity test of 
Corer  and  O'Gorman  (8)  as modified by Boyse  (9).  Cytotoxic antisera against  the histo- 
compatibility antigens of C~TBL mouse was prepared by injecting A/J mice with the C57BL- 
EL4 aseites tumor  (obtained by Dr. E. A. Boyse,  Sloan-Kettering Institute for Cancer Re- 
search, New York). A series of 10 to 12 weekly injections were used, the first 2 injections of EL4 
cells were given subcutaneously, the rest were given intraperitoneally. The cytotoxicity test 
was performed as follows: 0.1 cc of cells (concentration 5 X  106/cc) was added to 0.1 cc anti- 
sera (diluted 1:8). This mixture was incubated in 10 x 75 mm test tubes for 20 minutes at 37°C; 
0.1 cc fresh guinea pig serum was added and the mixture was allowed to incubate for an ad- 
ditional 40 minutes at 37°C. Finally 0.2 cc freshly prepared trypan blue 1:2000 in saline was 
added. A drop of the mixture was then placed under a vaseline-edged coverslip, 100 cells were 
counted, and the number of stained ceils was noted. This test depends upon the observation 
that living cells exclude trypan blue; cells damaged by antibody and complement do not ex- 
clude this dye and are therefore stained. 
This  cytotoxic  antisera prepared  against  the histocompatibility antigens of  the  C57BL 
mouse will also react against the same C57BL histocompatibility antigens in the B eAFt mouse; 
cells of the B6AF~ mouse are therefore also susceptible to the cytotoxic effect of this antisera. 
In  the test situation parental A/J spleen and thymus were grafted to  B6AFt mice.  If the 
regenerated spleen and thymic grafts were still composed of A/J cells, then no eytotoxic effect 
(no staining) of the cells of the grafts would occur. If the regenerated grafts were composed of 
BeAF~ host cells,  then the antisera would produce cytotoxic effects  (cells stained).  Normal 
A/J sera and lymphoid cells of known histocompatible type were used as controls in each 
separate experiment. 
The production of runt disease in newborn 171 mice by cells contained within the regenerated 
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spleen nodules was assayed by Russell's weight gains method (10). The cells were obtained by 
mincing the miniature spleens with scissors in tissue culture medium 199. The larger particles 
were removed by centrifugatlon at 300 aPM for 30 seconds in an International Clinical centrifuge 
and the cells were counted. Newborn (24 to 48 hours old) B~FI litters were divided in half, 
the animals in each half were marked by ear cutting. The mice in half of the litter were injected 
intraperitoneally with cells derived from pooled regenerated spleen; the mice in the other half 
litter were given intraperitoneal saline. Each mouse received from between 1  X  10  s and 4 
X  10  a cells depending on the experiment. Other control litters were divided and each mouse 
injected with cells of known type or with saline. Six litters of B~M~I mice were divided in equal 
halves and the mice in each half were given no treatment. The cell-injected mice of each litter 
and the saline-injected mice of each litter were then  weighed separately, twice weekly on a 
torsion balance. A 25 per cent or greater difference in weight between cell-injected and saline- 
injected litter mates at 30 days was considered significant. 
In a preliminary experiment the frequency of perfect spleen regeneration was compared in 
isologous transplants versus parental to Ft transplants.  Perfect  regeneration is defined as the 
formation of a normal miniature spleen complete with lymphoid follicles,  sinusoids,  and con- 
nective tissue trabeculae. Also the fate of alcohol-treated or frozen-thawed (3 times) isologous 
thymic and splenic grafts was noted. These data were obtained from histological examination 
of the regenerated nodules. 
TABLE I 
Fr~uency ~  P~f~tR~ener~ion ~  Dd~o~ and Par~taito ~  S~e~ ~a/ts 
Donor 
~pleen 
A/J 
C67BL 
A/J 
C~TBL 
B~F1 
BVkFt  (70 per cent 
alcohol-treated) 
BC~F1 (frozen and 
thawed 3 times) 
thymus 
A/J thymus (frozen 
and thawed 3 
times) 
Recipient 
Spleen 
A/J 
CITBL 
B~AF1 
B4AF1 
Bd~F1 
B~AF1 
B~AF~ 
Thymus 
B~AFt 
No. grafts showing 
perfect regeneration/ 
total 
12/12 
26/29 
18/19 
36/31 
43/55 
0/14 
Perfect 
regeneration 
l~er c~t 
lOO 
90 
95 
86.4 
78 
0 
Duration of graft 
prior to histological 
examination 
days 
40-90 
4O-90 
30-6O 
40-70 
40-90 
40-50 
o/14 
o/6 
40-50 
30 
RESULTS 
The  frequency of perfect  regeneration  of  spleen  grafts  was  the  same  in 
parental to parental,  F1 to  FI, and parental  to  FI combinations. The trans- 
plantation  of frozen-thawed  or  alcohol-treated  grafts  resulted  in  failure  of 
regeneration. These data are shown in Table I. 
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quence  of events:  Transplanted  splenic  nodules  removed  after 4  to  5  days 
showed  almost  complete necrosis  of  the  nodule.  The  only living  cells  were 
present just under the capsule of the spleen. At 7 to 10 days the necrotic debris 
TABLE II 
Re,.das  of  Cytotoxidt  Studies  in  Spleen  Grafts 
Experiment  Source of tissues  Duration of  Staining of ceils  Staining of ceils 
No.  graft  with  immune  with normal 
serum 1:8  serum 1:8 
1  B6AFI graft in B6AFI 
A/J graft in A/J 
A/J graft in BeAFI 
BCkF1 WS* 
A/J  WS 
A/J graft in BdtF, 
B6AFI WS 
A/J  ws 
A/J graft in B,AFa 
B6AF1 WS 
Cs~B1 WS 
A/J  WS 
A/J graft in B~Ft 
C67B1 graft in B6AF~ 
B,AFI WS 
A/J  WS 
A/J graft in B6AF1 
h/J  WS 
C~TBI WS 
B6AF1 WS 
A/J graft in B6AF1 
days 
90 
90 
36 
42 
14 
34 
34 
30 
30 
~er ceng 
9! 
30 
96 
97 
30 
89 
90 
12 
96 
99 
99 
3 
92 
96 
100 
5 
100 
7 
100 
81 
82 
psr~ng 
32 
22 
33 
8 
9 
35 
i0 
12 
4 
23 
--Not done. 
* Whole spleen. 
was gradually replaced by large reticulum cells which grew in from the periph- 
ery; after 10 days they filled the entire nodule (Fig. 1). Clumps of small lympho- 
cytes appeared among the reticulum ceils, and these dumps enlarged to form 
follicles.  Finally,  sinusoids  appeared  at  the  periphery  of  the  follicles,  and 
trabeculae of connective  tissue  developed.  At  the  end  of 25  to  30  days the 
nodule  resembled a  miniature  normal  spleen  (Fig.  2  a  and  2  b).  The  early 
necrotic and  reticulum  cell phases of thymic regeneration  were  the  same as IRA GRE~N  585 
that of the spleen. However, during the later phases a miniature thymus formed 
instead of spleen  (Fig. 3). 
Cytotoxicity  Studies.--The  results  of the  cytotoxicity studies  are  shown  in 
TABLE III 
Results  of  Cytotoxici~y S#udies  in  Thymic  Grafts 
Duration of  Staining  of cells  Staining  of ceils  Experiment  Source of tissues  with mamune  with normal serum 
No.  graft  serum 1:8  1:8 
days 
1  B6AFI WT* 
B~-F1 WS:~ 
A/J  WT 
A/J graft in BsAFt 
BeAF~ WT 
B6AFI WS 
A/J  WT 
A/J graft in B~AF~ 
B~.Fz WT 
B  ~LFI WS 
C6~B1 WT 
A/J thymus 
CITB1 graft  in BeAF1 
A/J graft in B~AF~ 
BakFt WT 
C67B1 WT 
A/J  WT 
A/J graft in B6AFt 
h/j  WT 
C6~BI thymus 
B  ~FI spleen 
B6AFI thymus 
A/J thymus in  BsAFI 
120 
32 
31 
31 
33 
30 
per ce~t 
50 
100 
13 
7O 
55 
100 
2 
92 
40 
100 
99 
10 
84 
77 
66 
100 
10 
85 
5 
100 
99 
100 
100 
per cent 
12 
9 
5 
10 
17 
4 
3 
15 
10 
7 
2 
6 
4 
6 
4 
5 
9 
13 
3 
6 
14 
25 
5 
* Whole thymus. 
Whole spleen. 
Table II and III. Six separate experiments were performed with parental spleens 
regenerating in F1 animals.  All of the experiments  demonstrated  that at time 
intervals longer than 30 days there was a  very high percentage of staining of 
cells derived from A/J spleen grafts which had regenerated in B6AFI animals. 
The percentage of staining  was actually as high as is found in ceils obtained 
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Five separate experiments  were  performed  with  pools of parental  thymus 
(A/J) regenerating in B6AF1 hosts, as shown in Table III. Here the percentage 
of staining  of susceptible thymic  cells was  not  as high  as  splenic cells. The 
failure of thymic cells to stain as well in cytotoxicity studies as do splenic has 
been  noted  by others.  In all cases cells recovered from A/J  thymuses  regen- 
TABLE IV 
Runting Experiment 
Donor of cells 
B6AFa whole spleen 
Cs~BL whole spleen 
C~TBL spleen grafts re- 
generating in C~TBL 
mice 
A/J spleen grafts regen- 
erating in A/J mice 
A/J grafts regenerating 
in B6AFa mice 
CsTBL grafts regenerating 
in BnAFa mice 
Recipient 
BsAFt fitters 24 hrs. 
old 
BsAF1 litters 24 hrs. 
old 
BsAFt litters 24 hrs. 
old 
B~AF1 litters 24-48 
hrs. old 
B6AFI litter 24 hrs. 
old 
B~Fx litter 24 hrs. 
old 
No. of 
litters 
tested 
Result* 
No runt disease 
Evidence of runt disease  in 4 
out of 5 litters tested 
Evidence of runt  disease  in 3 
out of 6 litters tested 
Evidence of runt disease in 3 
out of 3 litters tested 
No runt disease 
No runt disease 
* A 25 per cent or greater difference in weight  between  cell-injected and saline-injected 
litter mates at 30 days was considered significant.  Per cent difference in weight calculated as 
follows: 
average wt. saline control -- average wt.  injected cell 
average wt. saline  control 
erating in BsAF1 hosts showed as high a  percentage of staining as did cells de- 
rived from intact B6AF1 thymuses. Evidently, the majority, if not all the lym- 
phocytes present in regenerated parental spleen and thymic grafts in FI hosts, 
were  derived from  the  F1 hosts. 
Production of Runt Disease with Spleen Grafts.--The over-all results are shown 
in Table IV.  Injection of B6AFx adult spleen cells, as expected, produced no 
runting in newborn B6AF~ mice. Injection of C57BL whole spleen cells produced 
runt  disease in 4  out  of 5  litters tested.  C6vBL  spleen grafts and  A/J  spleen Ga~N  587 
grafts which had been in residence  in B6AFI were incapable of producing runt 
disease. 
The regeneration process did not significantly  alter the ability of spleen cells 
to produce runt disease as demonstrated by A/J nodules regenerating in A/J 
mice which in 3 out of 3 tries produced runt disease.  C57BL grafts regenerating 
in C~BL mice produce runt disease in 3 out of 6 tried (Table IV). 
Six untreated BsAF1 litters were divided at birth into equal halves.  At 30 
days there was no significant  difference in weight between the mice in each of 
these half litters. 
DISCUSSION 
In this series of experiments spleen and thymus transplants were performed 
using inbred mice in such a manner that the origin of the lymphoid cells in the 
regenerated  transplants  could  be determined.  The  results  indicate  that  re- 
generation of spleens  and  thymuses occurred at the transplantation  site and 
that  the cells were lymphocytes of host type. 
The sequence of necrosis and regeneration of transplanted autologous splenic 
nodules in rodents has been previously subjected to detailed histological  study 
by Calder (3) and by Cameron and Rhee (4). Gottesman and Jaffe (2) and later 
Marine and Manley (1) observed identical histological  findings in rabbit spleen 
autografts.  Law and  Miller  (ll)  and  also Carnes  et al.  (12) noted a  similar 
sequence of degeneration and regeneration  in transplanted  thymuses. It had 
been assumed by these authors that the regenerated spleens and thymuses were 
derived from donor cells. Dubert and Kaplan (7) in a more recent study of the 
functional ability of parental  thymus regenerating  in  F1 mice,  also assumed 
that regenerated thymus was derived from the donor animal.  However, studies 
of Law and Potter (6) and those of Miller (5) on the histocompatible types of 
leukemia arising  in parental to F1 grafts, have found that a high percentage of 
these thymus-derived leukemias was capable of growing  only in the F1 host. 
Preliminary  cytological analysis by Miller  (5)  using  T6 chromosome marker 
techniques also suggest that in parental to F~ thymus grafts there is a  trans- 
formation from donor to host cell type. 
One of the important processes by which the structures of the adult animals 
are generated is morphogenesis.  Moscona (13), and also Weiss and Taylor (14), 
have shown that  dissociated embryonic cells of various types are capable of 
morphogenesis  when mixed together in vitro and can sort out according  to type 
to reform the original  tissues from which they were derived. Steinberg (15) on 
the basis of mathematical analysis and by direct experiment, has shown that the 
information necessary for the reconstruction of tissues by dissociated cells may 
be merely the quantitative differences in adhesiveness between cells of different 
types.  Gowans  (16)  has  also postulated  that  the  specific homing  ability of 588  REGENERATION  OF  El  HOST  CELL  SPLEEN  AND  THY]~fUS 
intravenously infused lymphocytes to settle in lymph nodes is due to a specific 
attraction (same degree of adhesiveness)  between the lymphocytes surface and 
the endothelial cells of the post capillary venules in the cortex of the lymph 
nodes. The process originally  responsible for morphogenesis  of lymphoid struc- 
tures in the embryo may continue to act in the adult to maintain structure. 
The present  study by introducing  the stress of necrosis  and regeneration  in 
lymphoid tissues  indicates the embryonic-like ability of adult cells of the FI 
host to reform a new organ under the influence of parental lymphoid tissue of 
similar  type. A clue as to the indirect effects of thymic grafts was previously 
illustrated  by the ability of whole homografted  thymus  to  reconstitute  the 
immunological  abilities of newborn thymectomized mice (17). Here it has been 
found that the effect does not rest entirely on a  cell repopulation basis since 
many of the "reconstituted" lymphocytes actually belong to the host type. 
Current  ideas  concerning  the  origin  of thymocytes indicate  that  initially 
thymocytes are derived from endodermal  epithelium  (18,  19). The reticular 
cells in the adult thymus are in turn thought to be descendents of these endo- 
dermally derived cells,  and  finally  the  thymocytes in  the adult  thymus are 
thought to originate  from these reticular cells (20, 21). In view of the above 
data on regenerated spleen  and thymus the following hypothesis is suggested 
as to the origin of cells in normal spleen and thymus: some of the lymphocytes 
geographically  present in normal intact spleen and thymus may not be locally 
produced in these organs. They may be made at other sites and merely recircu- 
late through, and temporarily colonize these organs. Support for this hypothesis 
comes from the work of Ford and Micklem (22). Using T6 chromosome marker 
technique  they have reported that  in  radiation  chimeras  bone  marrow  cells 
are far superior to thymic or lymph node cells in their ability to repopulate 
the thymus. Gowans (23) has shown in rats that lymphoid thoracic duct cell 
depletion produced by chronic thoracic duct fistulas can be corrected by intra- 
venous infusions of these same lymphocytes. Gowans data suggest that a large 
population of lymphocytes is constantly passing from blood to lymph. 
Evidently,  the inability of parental  spleen  cells regenerating  in F1 host to 
produce runt disease  is not due to production of tolerance in  these cells, as 
claimed by Dubert and Kaplan (7) ; rather it results from the absence of paren- 
tal cells in the grafts. Other claims of tolerance produced in parental lymphoid 
tissue growing in FI mice may also be on this cell replacement basis (24). These 
claims should always be supported by direct parallel cytological marker studies 
of the  "tolerant"  cells. 
Our findings with cytotoxicity techniques to analyze adult thymic and spleen 
grafts have been recently complemented by the preliminary studies of Wakonig- 
Vaartaja and Metcalf (25). They employed T6 chromosome marker techniques 
to study the cellular  composition  of newborn parental thymus grafts in adult ~OREEN  589 
F1 hosts and found that the parental grafts were completely replaced by FI 
host cells  in  14 to 40 days. 
The present investigation has  shown  that  the regeneration of spleen  and 
thymic grafts is a more complicated process than had been previously thought. 
Adult parental spleen and thymic grafts placed in F1 hosts do not really re- 
generate: they act by exerting indirect effects which cause the new formation 
of miniature ectopically placed spleen and thymus composed of lymphoid cells 
of the F~ host. 
SUMMARY 
The ability  of parental to FI spleen grafts to regenerate was equal to that of 
parental to parental or to F1 or F1 spleen grafts.  Cytotoxicity analysis of  paren- 
tal to F~ spleen and thymic grafts indicated that these "regenerated grafts" 
were composed of F1 lyrnphocytes. Regenerated parental to F~ spleen grafts 
were incapable of producing runt disease in newborn F1 animals. 
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Addendum.--An independent cytological technique, employing the T8 chromosome 
marker was used to confirm the findings described in the above paper. 
CBAT6T8 male mice (obtained from Dr. J. Dancis, New York University School 
of Medicine)  were mated  to  C57BL female mice.  Eight  2-month-old T6FI mice  so 
obtained were grafted subcutaneously with adult C~BL thymuses. Thirty days later 
the host T6F1 animals were given colchicine, and slides for cytological analysis  (26) 
were prepared from the regenerated thymic grafts. Equal numbers of s]ides  for cyto- 
logical analysis were simultaneously prepared from normal in situ Cs~BL thymuses 
and T~F1 thymuses. Metaphases were picked at random from any of the three sets 
of slides by one person, and the metaphases were then read as unknowns and classi- 
fied by a second person. The results are shown in Table V. They clearly indicate that 
the cells present in these parental to F1 thymic grafts are derived from the T~F1 host. IRA  GREEN 
TABLE V 
Chromosomal Analysis  of C57BL Thymus Regenerating 
in C57BL 9.  X  CBAT6Te c~  (T6F~  Mice) 
591 
No. Metaphases  examined  No. T6Fu'N'o.  Examined 
Known T~FI  27  26/27 
Known Normal  23  0/23 
C67BL thymus regenerated in T6F1  25  24/25 
26.  Fox, M.,  and Zeiss, I.  M.,  Chromosome preparations from  fresh and  cultured 
tissues using a  modification of the drying technique, Nature, 1961, 192,  1213. 592  REGENERATION  OF  FI  HOST CELL SPLEEN  AND  THYMUS 
EXPLANATION OF PLATES 
PLATE 63 
FIG. 1. Large reticulum cells from regenerating spleen nodule at 9 days.  ×  1040. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 119  PLATE  63 
(Green: Regeneration of F1 host cell spleen and thymus) PLATE 64 
FI~.  2 a.  Gross  photograph  of  appearance  of  regenerated  spleen nodules on  an- 
terior abdominal wall of mouse. 
Fro.  2 b.  Portion  of  a  perfectly  regenerated  spleen  nodule.  Lymphoid  follicles, 
sinusoids, and trabeculae are present.  ×  100. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  119  PLATE  64 
(Green: Regeneration of F1 host cell spleen and thymus) PLATE 65 
FIG. 3. Fully regenerated thymus at 32 days.  ><  35. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 119  PLATE  65 
(Green: Regeneration of F1 host cell spleen and thymus) 